The accuracy of BIA measurements is limited by different sources of error such as physical model, cross sectional area, ethnicity, body hydration, age and level of body fat among other variables. Equation for each population is required as they can produce overestimation when manufacturer's equations are used. The classical measurements hand to foot has shown better correlation against hydrodensitometry than foot to foot or hand to hand. However there is a lack for an accepted standard of BIA procedures. This is compounded when there is not a good report of the BIA study's methodology; hence the comparability between the results is poor and reduces the reliability of the method. Perhaps, standardization of methods would be the first step for BIA studies to move forward and subsequently improve its accuracy. Standardized procedures could also minimize the impact of these variables on studies results. The aim of this study was to propose a protocol as a checklist to standardize BIA procedures and produce comparable results from future studies performed with the classic hand-foot configuration in adults.
Introduction
Bioelectrical impedance analysis (BIA) method for body composition evaluation has been used in many clinical situations [1] and new medical applications are appearing [2, 3] . This is due to its multiple advantages: ease of use, noninvasive, minor technician error, relatively cheap, good degree of reproducibility, inter-observer reproducibility, and safety of operation [4] . However, there are variable and contradictory results obtained by BIA [5] which calls into question its accuracy and precision.
Evaluation of performance and clinical usefulness of BIA measurements requires studies conducted under standard methods [5] . Because BIA results are influenced by at least 30 variables or factors, a lack of standardization in procedures may contribute to conflicting findings [6] . BIA studies are also limited by the poor quality of reporting of research methodology which prevents readers evaluate the validity and applicability of the study's results [7] .
If BIA is to gain reliability in clinical assessment and monitoring treatments, further efforts will be needed to develop, implement and report universal protocols [5, 8] . Therefore, this study aimed to propose a protocol as a checklist for future users of classical hand to foot BIA.
Methods
We collected information available from the scientific literature where variables affecting BIA results were reported. Afterwards, these variables were categorized according to their source, and a list in keeping with their impact on BIA results was made. Finally a checklist for standardized BIA procedures was developed which would be useful for future studies. PUBMED, PROQUEST, SCIENCE DIRECT AND HINARI databases were consulted. The search strategy included the following terms related to BIA in conjunction with factors affecting its results: Resistance OR Bioelectric$ OR Bio-electric impedance OR Bioimpedanciometry OR Bioelectrical impedance spectroscopy; dual frequency bioelectric bioimpedance OR multi multiple frequency impedance; AND menstrual cycle, temperature, etc. Additionally, a hand searching of review articles on BIA was developed.
Data acquisition
Methods for recording the percentage change in the results obtained by modifying the specific factor in the studies were twofold:
1. Direct record of the percentage reported in a study.
2. Calculation of percentage of change (equation 1) in results of direct BIA parameters (resistance, impedance) or biological estimations of total body water, fat mass, fat free mass obtained from BIA measurements at the beginning and end of a experiment.
% change = [(Final value -initial value) / initial value] * 100%
(1) Table 1 shows the possible variables influencing BIA results, the percentage of change on BIA results and a classification according subjects characteristics or external sources of error. Table 2 lists variables mentioned in the literature but from which there is not enough information. Table 3 is a summary of variables according to their influence on the results obtained by BIA. Table 4 displays the same variables as in Table 1 but ordered according to their maximum impact on BIA results. Table 5 is a useful checklist to help researchers to include all variables that affect BIA results. 
Results

Discussion
The validity, sensitivity, and specificity of biological parameters estimated with BIA need to be established [5] . For this purpose authors have claimed for standard BIA procedures and reports to obtain reliable estimations of body composition in diverse clinical situations [7, 40] . It has been widely recognized that ethnic and clinical conditions produce considerable variability in BIA studies but we need to control also a number of other factors that can influence BIA results.
There have been some efforts to draw attention to all factors affecting BIA measurements and the need for standard measurements [41, 42] . The best attempt to show the variables to be considered for a possible standardization was made by Kyle et al, [43] however, there are still sources of error to think over and control to provide information on the usefulness of BIA data.
It has been said that BIA technique does not require many skills of the technician who only causes minor errors. Surprisingly, the results showed that if the operator is not careful with the variables related to the recommendations before the test, electrode placement and patient positioning, He or She can be the major source of errors.
Although BIA has been validated against reference techniques such as dual-energy X-ray absorptiometry [44] , and other body composition methods, [45, 46, 47] its usefulness is still doubtful and concerns about the number of variables affecting the estimations of body composition and their relative contribution remain. We know the level of errors that cause the variables that have a greater effect as temperature, degree of hydration and the position of the subject but there are a number of variables with less effect of which we do not know if add or not to the total errors produced by the technique.
However, BIA features such as low-cost, low invasiveness and best performing when compared to body mass index, or skin folds, continues to do so as an attractive method that everybody wants to standardize and use with confidence.
In this paper an effort was made for performing a comprehensive literature search for articles reporting BIA factors affecting its results and put them into a consideration to obtain a standard protocol. However, there was not enough information on ten that were only mentioned in this paper. It is thus required to define the specific influence of these variables. This study may have limitations. We are aware of the possibility of missing some studies. In addition, the categorization may not have been adequate in some cases or some factors may belong to more than one category or have been improperly classified. Calculating the percentage of change in a factor should be using raw data but in many cases they were not reported. Finally, some factors or variables may be lacking.
We know that the proposal is not complete and other variables may appear in the light of new treatments or new requirements for the estimation of body composition (breast, buttocks or muscle implants, bariatric surgery and mobile phones or wireless interference), but the list is an attempt to standardize the technique and put back the debate on this topic. We suggest that researchers try to use the checklist and make their contributions to improve it and finally, report all controlled variables. 
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